ketogenic diet has in the treatment of epilepsy have changed. Efficacy and the parent's perception of side effects associated with a given treatment are the primary considerations influencing treatment decisions for the child with epilepsy.
These same factors may bias the pediatric neurologist's view of which options they offer to parents of a child with poorly controlled seizures. Many physicians who care for children with epilepsy do not initiate or recommend the ketogenic diet. They express the opinion that the diet is too rigid a form of treatment, too unpalatable, too difficult to prepare and maintain, not effective, and, in general, not worth all of the effort. The current report of an associated fatal pancreatitis in a child on the ketogenic diet raises the concern of the ketogenic diet's side-effect profile.3 The efficacy of the ketogenic diet has been documented over the last 70 years in retrospective and prospective studies.4 However, less attention has been paid to associated adverse events. Parents often believe that as a dietary therapy, this form of treatment is &dquo;natural&dquo; or safe compared to antiepileptic drugs. However, like antiepileptic drugs, the ketogenic diet has an adverse event profile, consisting of possible complications seen during initiation or maintenance. A better understanding of this adverse event profile will allow the pediatric neurologist to have a true informed consent discussion with the caregiver when considering initiation of the ketogenic diet.
Adverse events encountered during the initiation of the ketogenic diet may be secondary to the fast or the diet itself. If the child has an unrecognized metabolic defect, a catastrophic event could occur during the fasting phase (Table 1 ).z~5 A careful history, physical examination, and, if needed, biochemical screen (urine organic and amino acids, serum amino acids, lactate, pyruvate, and carnitine profile) prior to admission are warranted, if they have not already been performed for evaluation of the child's seizure disorder. Other adverse events can occur in the child without an underlying biochemical disorder and, if recognized, are usually easily treated ( Table 2 ). We no longer restrict fluids to less than 75% of maintenance. Liberalization of fluids can minimize the metabolic acidosis initially encountered, especially in young children. This can prevent vomiting and lethargy. Additionally, dehydration may diminish tissue perfusion, generating lactate and pyruvate, which can then compete for the monocarboxylic transport system with the ketone bodies. Theoretically, this could lower the efficacy of the ketogenic diet. Blood glucose levels fall during the fast, but rarely are children symptomatic. If the child is symptomatic, two ounces of orange juice are given, the blood glucose is rechecked, and the possibility of an underlying metabolic defect should be re-explored. If the blood glucose is greater than 30 but less than 40 mg/dL and the child is asymptomatic, the clinician could recheck the blood sugar in 2 hours or initiate the ketogenic diet. Once the ketogenic diet has begun, I do not routinely check blood sugars. Refusal to eat is a rare complication during diet initiation (about 1-2% in our center). In most cases, the dietitian can develop a meal plan that is palatable to the child.
A number of adverse events can occur during the maintenance phase. Many can be prevented with monitoring, vitamin supplementation, and anticipatory treatment (Table   3 ).~zl The high fat content and low roughage contribute to exacerbation of preexisting gastroesophageal reflux disease and constipation. Children who are candidates for the ketogenic diet can be at increased risk for both because many are hypotonic or nonambulatory. A treatment protocol for each should be discussed when initiating the ketogenic diet. Supplementation with magnesium, zinc, vitamin D, and B vitamins is recommended to avoid deficiency-related disease states.6>7 The ketogenic diet is deficient in several trace minerals, and if children are maintained on the diet for Table 1 . Diseases That Could Deteriorate on the Ketogenic Diet more than 2 years, these need to be supplemented.&dquo;1° All children on the ketogenic diet should receive enough protein for growth and have routine measurements of serum albumin, total protein, and height. Children on the ketogenic diet should grow at a normal rate.11,12 Kidney stones occur in 3 to 5% and can be minimized by allowing adequate hydration and avoidance of medicines (ie, topiramate, zonisamide, acetazolamide) that increase their risk. Renal sonography is performed if there is crystalluria, hematuria, or increased seizures (secondary to pain). Management of urolithiasis is individualized based on the type of stone. 13, 14 This has allowed all of our patients who developed urolithiasis to continue on the ketogenic diet.
Serious complications of the ketogenic diet appear to be rare. Livingston summarized his experience with 1000 patients at Johns Hopkins Hospital in 1972 and reported no serious complications. Freeman et al reported their prospective experience in 150 children in the same institution in the modem era.22 Two children died on the diet. One had a prior cardiac dysrhythmia, achieved good seizure control, and, 1 month later, had a cardiac arrest. The diet was stopped and a pacemaker was inserted, but the child died of cardiac complications. A second child died of pneumonia. No new or unusual incidence of known adverse events was noted. Ballaban-Gil et al described five children with serious adverse events after initiation of the ketogenic diet.2:3 Two children developed severe hypoproteinemia (one also had lipemia and hemolytic anemia), one developed Fanconi's renal tubular acidosis, and two others had marked increases in liver function tests. Interestingly, four were treated with valproate.
The current report by Stewart et al raises concern over another possible rare side effect of the ketogenic diet.3 The child's death was secondary to an acute, hemorrhagic pancreatitis. Hyperlipidemia and hypertriglyceridemia are both associated with pancreatitis in childhood. 24 Unfortunately, this patient had a rapid downhill course, and these studies were not obtained. Also, prior lipid profile results are not Finally, no cases of possible long-term complications (more than 2 years of treatment) have been reported. Are there unique adverse events that occur after 2 years on the ketogenic diet? This would be beneficial to know when counseling the parents of children who continue on the ketogenic diet after 2 years (ie, the diet cannot be withdrawn without seizure exacerbation).
The ketogenic diet is an effective treatment for refractory childhood epilepsy. However, as is true for all other therapies (medical, vagus nerve stimulation, or epilepsy surgery), there is a defined adverse event profile. The pediatric neurologist must individualize therapy for each patient and his or her family after a discussion of the expected risks, benefits, and outcome for each treatment. Treatment must balance the need for seizure control with possible treatment adverse events encountered during acute and chronic treatment. A treatment plan can then be established, which will be modified based on the response or side effects encountered. Knowing the possible adverse events associated with the ketogenic diet will allow strategies to be implemented at diet initiation, which can minimize side effects or allow early detection. This will allow the ketogenic diet to be used in the most patient-friendly manner. It is critical that the physician explain to the caregivers that this is a medical treatment of their child's epilepsy, not a &dquo;natural diet,&dquo; and they should assist the physician by monitoring for side effects just as they do for drug therapy.
